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Historical 

The  scientific  study  of  spectra  started  only  about  250  yea.-'M 
ago  when  Sir  Isaac  Newton  shov/ed  that  the  refraction  of  sunlight 
by  a prisTTi  was  due  to  the  fact  that  the  various  colored  rays  were 
refracted  by  different  amounts,  the  red  rays  the  least,  and  the  blue 
the  most.  Now  this  phenomenon  had  been  observed  by  many  other s,- 
but  they  assumed  that,  in  some  way,  the  prism  had  actually  ciianged 
the  '’white"  into  "colored"  light  and  it  remained  for  Newton  to  in- 
terpret the  puzzle.  This  he  accomplished  by  causing  "a  pencil  of 
sunlight,  which  was  admitted  through  a round  hole  in  the  shutter 
of  a dark  room,  to  pass  through  a glass  prism  and  then  fall  on  a 
screen."  ^ This  gave  what  he  termed  a "spectrum",  that  is  a 

series  of  images  of  the  aperture,  varying  in  position  and  color  due 
to  the  difference  in  amount  of  refraction  of  the  light  of  different 
wave  lengths . 

The  refraction  of  light  and  the  laws  governing  it  were  of 
course  well  known  to  Newton  having  been  discovered  in  1621  by  Snell. 
Descartes  however  first  published  information  regarding  the  constant 
relation  between  the  angles  of  refracted  light;  but  neither  Snell 
nor  Descartes . apparent ly, had  any  idea  of the  real  nature  ofthe  phenome- 
non; whereas  Newton  was  fully  aware  that  white  light  is  a composite 
of  variously  colored  lights  and  was  able  to  show  that, while  refraction 
varies  with  rays  of  different  colors, it  is  constant  for  a ray  of  any 
given  c ol or  . 

This  is  Newton’s  great  contribution  to  spec troscopy, but  he  does 
not  seem  to  have  added  much  to  the  laws  advanced  by  Snell.  Newton 
did  however  insert  a lens  between  the  opening  and  the  prism,  thus 

(1)  Spectroscopy  by  E.C.Baly  Vol.  1 P 1 (3rd  Ed.) 
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obtaining  better  definition.  He  also  adopted  a narrovr  slit  instead 
of  a round  opening, thus  eliminating  to  a considerable  extent  the 
overlapping  of  the  colored  images.  The  narrow  slit  method  of  illum- 
ination is  standard  practice  today. 

The  black  lines  in  the  solar  spectrum  were  first  observed  by 
Wollaston  but  not  explained  by  him.  It  remained  for  Fraunhofer  to 
study  their  properties  and  point  out  their  importance.  These  lines 
are  the  now  famous  "Fraunhofer  lines";  and  , in  a sense,  Fraunhofer  Is  the 
true  founder  of  O’jr  modern  science  of  spectroscopy. 

Fraunhofer’s  work  deserves  more  than  passing  attention, for  while 
it  may  well  be  accepted  as  a fact  that  he  did  not  appreciate  the 
actual  meaning  of  these  black  lines, it  is  equally  true  that  he  recog- 
nized their  value  as  known  positions  from  which  to  rrake  accurate  meas- 
urerr.ents  of  the  angle  of  re-fraction  of  the  various  colored  rays.  He 
succeeded  in  locating  about  700  of  these  lines  and  labelled  the  eight 
chief  lines  by  letters  of  the  alphabet,  "A"  being  nearest  the  red  and 
"H”  towards  the  violet  end.  ’'"e  now  know  that  the  black  lines  cor- 
respond to  positions  where  the  images  of  the  slit  are  less  intense, 
due  to  the  absorption  of  part  of  the  energy  of  certain  rays  by  the 
gases  in  the  outer  envelope  of  the  sun. 

In  addition  to  this  work,  praianhof  er  greatly  improved  the  appara- 
tus by  placing  a convex  lens  between  the  slit  and  the  pr*  ism,  thus 
focusing  the  images  on  a screen.  He  also  used  a telescope  to  examine 
the  spsetrum  visually.  By  varying  the  prisms, he  proved  that  the  black 
lines  iisve  fixed  positions  in  the  solar  spectrum,  and  that  sunlight 
is  deficient  in  rays  corresponding  to  those  black  spaces.  This  work 
alone  would  entitle  Fraunhofer  to  a high  positionJbut  further  than 
thi  s ,he  investigated  the  possibility  of  measurement  of  the  a3-':,ual 
length  of  light  As  a result,  he  developed"  the  theory  of 
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interference  of  light  so  far  as  to  invent  and  construct  for  h^iTiself 

the  first  grating,  by  means  of  which  he  made  several  measurements  of 

the  wave-length  of  the  D lire  with  a wonderful  degree  of  accuracy."  ^ 
The  grating  method  of  Fraunhofer  is  in  use  today. 

Fraunhofer's  first  grating  was  made  by  winding  silver  wire  around 
a brass  frame,  keeping  the  wires  evenly  spaced.  This  crude  device 
was  the  origin  of  the  grating  used  today.  Following  thi  s,  Fraunhofer 
succeeded  in  lAaking  a grating  more  closely  resembling  the  modern,  by 
ruling  equidistant,  parallel,  straight  lines  on  a flat  glass  plate# 

The  phencmencri  of  diffraction  was  observed  even  prior  to  Newton's 
work; for  in  1665  Grimaldi  noticed  that  a ray  of  light  was  "bent"  by 
the  edge  of  an  opaque  ob jec t,  prod uc ‘ ng  not  a sharp  image  but  one  sur- 
rounded by  colored  bands.  He  called  this  effect  "diff  rac  ti:n"  , 
Griir.aldi  also  observed  interference,  for  he  found  that  light  received  on 
a screen  from  two  adjacent  sources  produced  darkness.  More  thorough 
work  was  done  on  this  by  Young, who  in  1801  published  the  famoiis 
"principle  of  interference." 

Huyghens,in  1678, developed  the  wave  theory  of  light  to  explain 
the  known  facts.  He  suggested  that  light  consists  of  transverse 
vibrations  in  the  ether.;and  that  particles  of  the  ether,  separated  by 
an  even  number  of  half  wave  le  ngths,  would  be  in  the  same  phase  of 
vibration  while  those  of  an  uneven  number  would  be  in  opposite  phase 
and  hence  neutralize  each  other,  thus  explaining  Interference.  In 
addition,  to  explain  di fT’raction,  he  suggested  that  ea3h  vibrating 
ether  particle  becomes  the  source  of  a vibration  system,  terming  a new 
wave  front.  Huyg-^ns  assumed  these  sec'^ndary  waves  acted  entirely 
in  the  direction  of  propagation  of  the  original  wave, but  this  is  not 
strictlj  true. 

Fresnel  investigated  dift'raction  and  interference  and  was  able 
(1)  Baly  "Spectroscopy" 
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to  explain  the  colored  hands  of  Griraaldi.  He  showed  that  all  the 
observations  could  be  explained  by  means  of  Huyghen ' s principle  and 
Young's  theory  of  interference.  If  hcmogereous  light  is  used> we 
obtain  a scries  of  dark  and  light  bands  due  to  interference.  If 
white  l:ght  is  used, colored  bands  are  obtained  due  tc  the  fact  that, 
vrith  different  wave  lengths  present,  the  points  of  maximum  or 
minimum  illuiiinati on  are  not  identic&l,  and  we  obtain  a row  of  very 
closely  related,  colored,  maxima  --  a spectrum  arranged  according  to 
the  various  wave  lengths.  The  shortest, or  violet , app ears  on  the  side 
nearest  the  central  imageJandthe  red, or  longest  wave  lengthjon  the 
outer  side. 

So  far  we  have  dealt  only  with  the  so-called  visible  spectrum, 
wh'jch  is  but  a siriall  fraction  of  the  whole  as  this  extends  in  both 
directions  beyond  the  limits  set  by  the  human  eye.  v7e  have  estab- 
lished the  existence  of  ether  waves  varying  in  length  from  l/l'0,OC'0 
millionth  (10"^^  ) millimeter  to  those  of  many  hundred  rreters  in 
length.  The  longer  waves  fall  into  the  province  of  wireless  telegraphy 
and  are  not  studied  in  spectroscopy. 

In,  1874,  Cornu  usi ng  photographic  methods  with  the  grat’ng  pub- 
lished part  of  the  Angstrom  Normal  Map  of  the  solar  spectrum.  He 
finished  this  1r.  1880,  even  including  the  ultra-violet  region.  This 
marks  the  apDearance  of  spectroscopy  as  an  exact  physical  science. 

Angstrom’s  map  was  superseded  by  the  complete  nonmal  photographic 

m.ip  of  the  30lar  srectrum  made  hj  Rowland.  In  t>ii  s work,  Rowl j.rid  used 

his  ner/  rulirg  and  mountirig  of  the  grating.  As  he  made  a new 

determinatlc n of  the  absolute  wave  length  ofone  ofthe  "d"  lines,  his 

values  differ  from  those  of  .Vngstrom.  The  diff  erence,  moreover,  varies 

(1) 

in  different  portions  ofthe  spectrum.  Because  of  Rowland's  skill, 

this  scale  was  universally  adopted  as  the  standard  of  reference. 

(1)  Transactions  of  the  International  Astronomical  Uni  on  Vol . Ill -1929 
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Nature  of  Spectra 

So  far  we  have  considered  the  history  of  spectra  in  general,  in 
ord®!'’  that  we  might  trace  in  greater  detail  the  spectra  of  atomic 
hydrogen.  In  a paper  of  this  nature,  there  is  space  for  only  a 
rough  outline  on  which  to  build  the  more  specific  statements.  Hence 
the  rest  of  this  thesis  will  be  concerned  more  particularly  with 
the  data  bearing  on  atomic  hydrogen  and  recently  developed  methods. 

In  Bohr’s  theory  of  the  hydrogen  atom,  we  have  the  fundamanetal 
assumption  that  the  ’’angular  mom.entum  of  the  normal  hydrogen  atom 

1 

multiplied  by  2,  shall  be  equal  to  the  elementary  quantum  of  action.” 

This  determines  the  normal  radius  of  the  hydrogen  atom;  and  by  further 

development  of  the  mathematical  implicat icns,  we  find  that  the.  radii 

of  the  orbits  (of  the  electrons)  vary  as  the  squares  of  the  quantum 

numbers,  whereas  tne  linear  velocities  of  the  electrons  vary  inversely 

as  the  quintum  numbers.  The  transition  of  an  electron  from  one 

orbit  to  another  is  accompanied  by  a change  in  the  energy  of  the  atom, 

that  is,  if  the  quantua  number  is'  lowered,  energy  is  liberated; 

but  transits  on  to  a higher  quantum  state  requires  the  addition  of 

energy.  Bohr  made  the  further  fundaiaental  assumption  that,  when 

energy  was  liberated  cr  absorbed  in  this  way,  it  always  occurred  in 

such  a manner  as  to  produce  or  take  up  a single  light  quantumi. 

From  this,  Bohr  derived  the  condition  that  the  frequency,  multiplied 

by  the  elem.entary  quantum  of  action,  is  equal  to  the  difference 

in  the  energy  values.  Mathematically  expressed  h^“  B-E  , where 

n s’ 

h is  Planck’s  constant;  v , the  frequency;  E h E_,  the  energy 

1 1 3 

values  of  ”n"  and  ” s"  orbits  respectively.  This  yields  Bohr’s 

2-0  4 

spectral  formula  v^^TTzem  (1  _q  \ „„ 

JJ3- ; ±^2  j ' AS  ”s"  and 

”n"  run  through  the  whole  series  of  integers,  we  have  a double  set  of 

terms.  The  difference  between  these  terms  gives  the  "line  spectra” 

(1)  Haas  ’’Atomic  Theory”  Chap.  2 n.  24 
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of  the  atom  and  may  occur  in  either  emission  or  absorption  spectra. . 

That  is,  we  car  represent  spectral  lines  as  differences  between 
spectral  terms;  and  the  frequency  of  every  line  may  be  rncitten  as 
the  difference  between  two  terms.  The  fixed  term  defines  the  limit- 
ing frequency  of  the  series.  By  means  of  additive  or  subtractive 
combinatl ons»we  can  derive  new  spectral  lines  from  those  already 
known.  Th-^’ s principle  wss  establi^ed  by  Ritz^in  1908>even  before 
Bohr’s  theory  developed.  The  intensity  of  a spectral  line  depends 
uDcn  how  frequently  the  transitions  occur,  suice  these  do  not  occur 
with  equal  ease. 

Summerfeld’s  theory  requires  for  each  orbit  a "principal  quantum 
number"  and  a "subordinate  quantiJiri  number",  which  can  never  be  larger 
than  the  orlncipAl.  This  theory  points  to  a greater  nuniber  of 
possible  states  than  does  Bohr’s.  prom  t li.  s »by  mathematical  deductions, 
we  find  that  to  every  principal  quantum  number  there  corresponds  an 
equal  number  of  different  energy  levels.  The  measurem.ents,made  on 
the  fine  structure  of  helium  lines* have  confirmed  this  theory.  Paschen 
obtained  fer  a value  0.3645  cm  - 1 (±  .0045)  as  compared 

with  tlie  theoretical  value  0.365  cm  wher  e is  the  frequency 

diff’erence  of  the  hydrogen  doublet  in  the  two  quartun  stite  of  the 
hydrogen  atom. 

Bdlmer  (in  1885)  discovered  the  simple  numerical  relaticr  ship 
existing  between  the  wave-lengths  of  the  individual  lines  of  the 
Fraunhofer’s  tc  and  expressed  this  in  the  formula  ^ > 

which  has  been  rewritten  as  v'  - R ^ and  is  the  so-called  Bsilmer ' s 
formula.  This  fcrmula  gives  very  accurate  results  ir  the  "optical 
series"  of  Hydrogen,  of  which  the  first  20  lines  have  been  observed 
in  Plucker  tubes  together  with  13  additional  lines  in  the  spectra  of 
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nebulous  stars.  In  the  absorption  spectrum  as  many  as  50  lines  have 
been  notei^.  This  series  results  from  a transition  into  a 2 quantum  end 
s tate  . 

R1 tz  realized  that  from  his  combination  principle  there  must  be  at 
least  one  other  series  in  the  infra-red,  the  first  two  lines  in  this  pre 
dieted  series  being  discovered  by  Farjchen  in  1909.  This  ser-ies  results 

i 

from  the  transition  into  the  3 quantum  end  state. 

A further  series  in  the  emission  spectrum,  resulting  from  a transi- 
tion into  the  one  quantuir^  normal  state,  was  discovered  by  Lyman  in  1914. 
The  first  trree  lines  of  this  ba-^'c  been  found  in  a remote  portion  of 
the  ultima-violet . 

In  1922,  Bracket t discovered  in  the  infra-red  the  first  two  lines 
of  a transition  to  a 4 quantum  end  state.  He  also  discovered  the  3rd, 
4th  and  5th  lines  of  the  Paschen  series. 

Pfund  discovered  in  the  infra-red  region  the  series  known  by  his 
name.  This  series  covers  the  transitions  to  the  5 quantum  end  state. 

The  "R"  of  Balmer’s  formula  represents  a constant  frequency 
15  -1 

( 3.291  X 10  ) 3-s  obtained  from  the  observed  frequencies  of 

the  line  and  is  called  Rydberg’s  c onstant,  because  in  1895  he  correlated 
this  term  with  the  spectra  of  other  elements  and  tOus  revealed  it  as  a 
factor  which  is  not  quite  constant,  but  varies  slightly  froiu  element  to 
elemient . 

Measurement  of  Wave-lengths  of  Light 

The  actual  measurement  of  the  wave-lengths  of  light  was  first  at- 
tempted by  iiraunhofer  as  hadbeen  previously  recorded;  and  the  improvement 
made  by  substituting  a ruled  glass  plate  has  also  been  noted.  By  re- 
placing the  glass  with  speculuin  metal,  we  are  now  able,  by  using  the 
"dividing-engine”,  to  rule  gratings  centaining  as  many  as  20,000  lines 
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An  TFiprov-^ ment  over  the  plane  grating  described  above  was  r.iade 
by  Rowland  in  1882.  This  was  a polished  speculum  metal  mirror  with 
a spherical  concave  surface#  so  ruled,  thit  tl^e  lines  were  evenly 
spaced  upci  die  cherd  of  the  arc  im  tead  of  the  arc  itself.  If  the 
grating  and  slit  ar-^  placed  upon  the  circumference  of  a circle 
having  a radius  equal  to  one  half  the  radius  of  curvature  of  the 
grating,  the  spectra  are  focused  around  t li;  circumference.  This  elj.n- 
Inates  the  need  for  lenses.  With  Rowland’s  largest  grating,  we  can 
photograph  an  one  piate  a range  of  520  A ap:  roximately  nonrally. 

The  Echelon  diffraction  grating  of  Michel  son  has  high  revolving 
power  and  is  made  by  putting  toget'^er  a series  ofpcrfectly  parallel 
plates  of  equal  thickness,  which  decrease  in  size  by  an  equal  amount. 
The  slight  separation  of  consecutive  orders  of  spectra  reduces  the 
value  of  this  method. 

The  most  iirportant  rival  of  the  concave  grating  is  the  inter- 
ferometer as  used  by  Michelson,  Fabry  Sc  Perot.  Michelson’s  interfer- 
ometer makes  use  of  the  principle  of  interference  by  allowing  light 
to  be  partly  transmitted  and  partly  reflected  by  a silvered  mirror 
sotkat  tiie  two  rays  after  travelling  different  distances  again  meet, 
produci  ng  an  Interference  pattern.  Fabry  and  Perot  used  two  plates 
"half -si Ivered"  on  inner  sides  and  set  parallel  toeach  other  with 
an  air  space  between.  Interference  patterns  were  produced  by  allow- 
ing a beam  of  monochromatic  light  to  pass  thr,.ugh  at  normal  incidence. 

Divergence  in  results  , obtained  with  any  of  the  methods  given  » 
has  shown  the  need  of  standardizing  tne  methods  of  illujnination. 
Roughly,  these  may  be  divided  into  four  classes:  flame,  ark,  spark 
and  luminescence. 

The  flarr.e  spectra, in  its  simplest-  form  »is  obtained  by  intro- 
ducing a volatile  salt  ofthe  desired  element  into  the  Bunsen  flame. 
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Due  to  the  llTnitatlon  of  this  method  to  volatile  substances,  and  the 
short  duration  of*  the  charac  ter  ist?ic  flame,  various  ingenious  modifi- 
cations have  been  proposed.  In  spite  of  these  changes,  and  even  with 
the  aid  of  the  oxyacetylene  flame,  the  method  is  a restricted  one, 
since  the  rare  earth  metals  and  the  nor-metals  cannot  be  detected  in 
this  iianner.  The  band  spectra  accompanying  flame  spectra  is 

also  a drawbacks  since , as  Bohr  has  shown,  the  elementary  spectra  are 
of  the  line  type.  The  main  use  of  the  flame  is  in  analytical  work. 

In  the  case  of  the  arc, we  have  a higher  temperature  than  with 
the  flame, and  the  arc  spectrum  is  correspondingly  richer  in  lines. 

The  advantages  of  the  arc, as  a means  of  obtaining  a complex  spectrum 
and  as  a source  for  illuminaticn  in  wave-length  measurements, have 
br.u.ght  it  into  general  use. 

The  third  method  of  illumination  is  by  means  of  the  electric 
spark.  The  spark  occurs  between  rods  of  the  metal  or  compound  or  some 
conducting  substance,  as  carbon,  impregnated  with  the  required  material. 
The  spark  spectrum  will  contain,  in  addition  to  lines  of  the  elem.ent 
desired,  the  lines  due  to  oxygen  and  nitrogen  in  the  atmosphere. 

By  proper  mcd  iflc  atio  n of  the  apraratus^it  is  possible  to  adapt  the 
spark  method  to  solutions.  The  use  of  the  electric  spark  has  been 
applied  to  the  vacuum  tube,  thus  extending  the  study  of  the  emission 
spectra  into  the  regiwn  of  very  short  wave-lengths.  A further  dis- 
tinction of  the  spark  spectra  is  the  "enhancement"  of  the  intensity 
of  lines  in  certain  cases. 

The  final  method,  or  luiriinescence , is  of  course  confined  to  gases, 
generally  under  verv  reduced  pressure  with  a high  potential  discharge, 
usually  from  an  induction  coil.  This  method  has  been  adapted  to  the 
vaporization  of  metals,  and  has  given  us  additi onal' information  of 
considerable  importance . 
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Attempts  to  measure  wave-lengths  preceded  much  of  the  work  we 
have  been  discussing;  for  Fraunhofer,  in  1821,  published  the  re- 
sults which  he  obtained  by  the  use  of  his  first  grating.  This 
grating  was  the  crude  affair  already  described;  but  the  regular 
spaces,  thus  fcrmed  by  the  wire  winding,  gax-e  to  the  world  the  idea 
w’Tiich  has  resulted  in  our  present  highly  refined  grating.  Fraunhofer 
used  wires  of  various  diameters, thus  varying  the  grating  spaces. 

With  thi  3 apparatus  , Fraunhofer  measured  the  lines  B to  H inclusive. 
GOiisiaering  the  roughness  of  tne  apparatus  and  the  width  of  his 
grating  spaces »he  obtained  excellent  results.  A further  improvement, 
by  ruling  equidistant  parallel  straight  lines  on  a flat  glass  plate, 
with  grating  spaces  equal  to  .0033mm  and  . 016iran,  enabled  him  to  get 
for  the  D lines  values  of  .bno5886mm  and  , 0005890mmj  as  coiripared 
with  our  present  value  of  about  .0005690nLm  and  .0005896mm. 

The  explanation  of  the  meaning  of  Fraunhofer’s  lines  by 
Kitchof f,  in  1859  , aroused  much  interest  and  directed  attention  to 
the  solar  spectrum.  While  tiiere  are  certain  objectior's  to  the  use 
of  the  solar  spectrum  as  a standard,  it  is  true  that  the  ’’lines” 

are  very  fine  and  sharply  defined,  so  that  very  accurate  determi- 

(1 ) 

nations  can  be  made  of  their  positions.  As  a result >Angstrom  meas- 
ured the  wave-lengths  of  a considerable  number  of  these  ’’lines”  , 
and  made  a map  of  the  solar  spectrum  placing  each  line  according 
to  its  wave  length.  Angstrom  worked  with  very  accurately  ruled 
glass  gratings.  He  included  the  whole  visible  spectrum  from  the 

”A”  line  to  ”h”,  and  in  1868  published  this  mto,  called  the  "Normal 

-10 

Solar  Spectrum”  ,with  the  lengths  expressed  in  10  meters 

(to  two  places  of  decimals).  It  is  this  unit  of  length  that 
we  term  the  Angstrom  unit  or  Angstrom. 

(1)  Transactions  of  the  International  Astronomical  Union .Vo 1 . Ill -1929 
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Angstrom  used  the  standard  raetre  at  Upsula  as  a reference;  but  , 
due  to  an  error  by  Tresca  in  comparing  this  wit  a the  star.dai'd 
at  Paris,  the  wave-length  measurements  were  a trifle  small,  the 
value  of  the  metre  being  999. 94mm,  whereas  Tresca  gave  999.81min. 
Angstromi  discovered  the  error  but  died  before  the  revision  was 
finished  by  Thalen.  This  mapof  Angstrom’s  gave  us  our  first 
standard  of  reference  and  served  an  useful  purpose.  Angstrom- 's 

corrected  map  remained  the  standard  until  superceded  by  Rowland’s 
va lue  s . 

Rowland  made  use  of  a reflection  grating  ruled  on  a spheri- 
cal mirror  of  speculum  metal.  To  secure  an  accurate  ruling^ 
Rowland  invented  an  exceedingly  accurate  autorriatic  ’’dividing 
engine”  for  ruling  his  grating.  With  this  he  was  able  to  make 
rulings  of  100,000  lines  to  the  inch.  The  spherical  mirror 
focuses  the  rays,  eliminating  the  need  of  a lens  for  focusing 
the  diffracted  rays.  The  advantages  of  this  method  are  no- 

ticeable; ntirely,  the  norsfiality  of  the  spectrum  and  the  relation 
of  the  superposed  orders.  By  comui  risen  with  the  Di  line 
(assuming  the  correct  value  as  5896.156,  a mean  of  the  best 
measurements)  Rowland  determined  with  great  accuracy  the  wave- 
lengths of  the  principal  lines  throughout  the  spectrum.  He  then 
photographed  the  whole  normal  spectrum, and  from  his  measurements 
of  the  principal  lines  was  able  tomap  the  whole  spectrum  to  the 
given  scale.  Unf or tuna tely, Rowland ’ s measurements  contain  a 
periodic  error  which  prevents  correction  of  his  results  by  ap- 
plying a constant  factor. 

In  1894,  Michelson,  by  use  of  the  interferometer  obtained 
the  absolute  wave-lengths  of  the  red,  green, and  blue  lines  of 
Cadmium  in  relation  to  the  standard  metre  at  Paris.  Tie  values 
obtained  are  considerably  lower  than  Rowland's.  Soon  after  this. 


^,*2 

' Tr*'.-"  -'t'i*.  ■ ' V • * ‘■'  Jh^-'  \ V '3  ^ ' T' 

^ M.A.*  * 


-sr^iv- 


,yiil 


^ <’  ' ■ -'^V'  V:  ' \k— ':  T'"'  '.  •> 


-A.- 


p^i*' ;xiu.st»- < ifc.'  ’■•^'Vc'' 


n<^ 


Q- 


^r•- 
» 


^ / 


' '.•’  A ; ii'  ...-  'i;il  ■ ‘‘ J,  - i 'ly 

/ y;'^. 


'•'  *■  ■*■  - .®»'*-?  _ ^ “>  ■•_^^^-  ^ -i ' ’’i  ‘ ' -|fc  - - - ■ - , ’ 

*>  ■*^.  •>  ,'■*-  *".-  Ijj  ..'■fc^  Q J 


£i 


\ iie^;^.  Ch  . Jw-r.ifvj-  •ui'>  '•  C £Vo  ^I^'c fCMC;'  i ■ 

• A - • . *.  " '.  » ■ ♦ i _■»  *_•»  I 


4 '^‘''i^'  "^  ^■- 


* ■ ,-;  s.'i'  f.>.T7?^-  , ■ -'  g-»-  Of  J,  *7?'  -'  ^ I i . , 

_ ',-  ■*r->^’'^-  V 


A ' 'Mitfw  ^ T "K*  \ 1 ^ «•.»*«  * 


i'^*'  -i  ■• ' ■ * . .X-,  - . ^ - % ^ * ■ 

' * ' /t  N . • " 

ii  vt. i||yp V ";,* 


•7^  ^ 


Xj*'>.  »>*yo 


4n  - : ■' 

- u < 

.i^’.r:.-  .Tftsi'i;  :,V.  ..  '>'ySfe-c-l 

;/. . -A-^  'J^.  '-J/Iir^  ..^  -AJr-,  J • 


, • 


UjV 


a'i.-^  --•  ■ •V  Ct*'':4/^  ■ 1 1*  ''■Py4A^’2!5 1 'Si w* ' •■:  W-*<‘»1  ^ 

E«  ...  .*1^''  '•■■'■  ' >'.r- 

.'._  ta..  ( --‘i*  ^ . rt  « 1 


, V 4 


/■ 


12 


Fabry  and  Pei’ot,  using  the  inter ferofne ter,  showed  that  the  difference 
between  these  results  was  not  proportional  to  the  wave-length. 

Kayser  proved  conclusively  that  the  error  was  inherent  in  Rowland’s 
method  and  exceeds  the  experimental  error  of  present  work. 

Adoption  of  Standards 

It  will  be  noted  in  the  above  discussion  that  reference  has  been 
-shifted  from  the  D lines  of  sodium  to  the  lines  in  the  cadiaium 
spectrum*  The  reason  for  this  lies  in  the  greater  sharpness  of  the 
cadmium  radiations.  To  be  adopted  as  an  international  primary  stand- 
ard»a  line  must  be  able  to  be  measured  with  the  greatest  accuracy; 
which  means  that  the  radiations  must  be  as  homogeneous  as  possible. 
Michelson  found  the  cadmium  red  line  to  be  the  most  nearly  monoclu’o- 
matic  of  all  those  which  he  examined. 

As  a result  of  the  work  of  Michelson, ai^d  of  Fabry  and  Perot, 
the  International  Union  for  the  co-operation  in  Solar  Research  was 
formed.  This  association  assurmed  the  responsibility  of  establishing 
the  new  standards.  A meeting  was  held  at  St.  Louis  in  1904,  and 
another  at  Oxford  n 1905.  Two  important  provisioi  s were  adopted: - 
(1)  the  wave-length  of  a suitable  spectroscopic  line  shall  be 
adopted  as  the  primary  standard;  that  the  number  which  defines  this 
wave-length  shall  be  fixed  permanently  and  that  all  wave-lengths 
shall  be  rr^easured  in  the  unit  thus  defined,  and  that  this  unit 
shall  be  called  the  Angstroari.  (2)  Secondary  standards  shall  be 

measured  by  in  tei-ferome ter  laethods  in  reference  to  this  primary 
standard;  that  seconary  standards  shall  not  be  more  than  50  units 
apart. 

At  a meeting  in  1907  at  Mendoiv  the  Union  finally  adopted  the 
cadmium  red  line  as  the  primary  standard,  vvibh  a wave-length  of 
3438.4696  Angstroms  (in  dry  air  at  16®  C and  760min  mercury  pressure.  ) 
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This  value  of  the  Angstrom  is  equal  to  the  original  Angstrom  unit  to 
an  accuracy  of  1 part  in  10,000,000.  The  difference  between  the  value 
adopted  and  that  obtained  by  Michelson  is  due  to  slight  corrections 
by  Benoit,  Fabry  and  Perot. 

At  a fourth  meeting  at  Mt.  Wilson^in  lOlOjthe  values  of  wave- 
lengths of  lines  in  the  arc  spectruif.  of  iron  (obtained  as  specified 
by  the  Union)  were  adopted  as  secondary  standards.  It  was  decided 
to  use  tertiary  standards,  obtained  from  the  secondary  by  interpolation 
methods.  These  measurements  were  to  be  obtained  by  linear  interpolation, 
from  photographs  taken  with  concave  gratings,  of  lines  adopted  as 
secondary  standards.  At  a later  meeting  , the  use  of  plane  gratings  or 
prism  spectographs  of  high  dispersion  were  also  approved  for  this 
work.  The  symbol  "I. A.”  was  adopted  for  the  Angstrom  to  pre^^ent  con- 
fusion with  the  original  unit  of  Angstrom  and  Rowland. 

A fifth  meeting  in  Bonn, in  1913»  resulted  in  the  adoption  of 
certain  secondary  standards.  For  the  sake  of  accuracy, conditions 
were  specified  for  the  use  of  the  iron  arc  in  air  for  the  determination 
of  tertiary  stiridards,  as  follovfs : 

(a)  Arc  to  be  6 mm  in  length. 

(b)  For  wave-lengths  greater  than  4'''00  A.  the  current  used  shall  be 
6 amp.;  for  Is?'!  than  4000  A.  to  be  4 amps,  or  less,  (if  pos- 
sible ) . 

(c  ) 220  V direct  current  to  be  used,  with  electrodes  V mm  diam.  , 

the  positive  pole  being  above  the  negative. 

(d)  An  axial  pertien  2 mm  long,  taken  from  the  middle  ofthe  arc, 
to  be  used  as  the  light  source. 

(e  ) Only  lines  of  the  groups  a,  b,  c 5c  d of  tne  Mt.yilson  classi- 
fication to  be  used. 

The  i/Vorld  War  interrupted  this  as  well  as  other  scientific 
work.  At  a meeting  in  Rome > in  1922  , the  work  was  taken  over  by  the 
International  Astronomical  Union.  The  report  of  the  Standard  Wave- 
length Committee  was  approved  and  also  a list  of  secondary  and 
tertiary  standards  in  the  spectrum  of  iron.  No  wave-lengths  lower 
than  3370  1 . have  yet  been  approved. 
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For  standard  illumination,  tine  Union,  at  this  meeting,  adopted 
the  Pfund  arc  with  a ourrent  of  5 Amps.,  or  less,  at  110  - 250  V- 
Upper  pole  t o be  an  iron  rod  6-7  nm’.  diam.  and  an  iron  oxide  bead 
to  form  tl'ie  lower  oole.  Length  of  arc  to  be  12  - 15  mm  with  radiation 

(1) 

taken  from  horizontal  central  zone  not  exceeding  1 to  1.5  mm  in  length. 

In  1925,  the  International  Astronomical  Union  provisionally  adopted 

snec i fi cati ons  for  the  production  of  primary  standards  of  wave  lengths. 

» 

In  1927,  at  Sevres,  the  International  Conference  of  Teights  and  Measures 

adopted  the  red  radiation  fr*om  cadiriium  as  the  fimdamental  standard  for 

(2) 

wave  lengths.  The  conditions  frrthe  production  of  the  red  cadmium 

line,  however,  varies  in  a few  details  from  those  proposed  by  the  Inter- 
national Astronomical  Union,  which  has  not  yet  adopted  the  miodification. 

At  Leyde,  in  1928.,  the  Union  Q-riopted  a list  of  seven-figure 
wave-lengths  as  secondary  standards  to  replace  the  system  of  iron 
standards  then  in  use.  The  secondary;  standards  of  neon, as  confirmed 

in  1925, were  retained.  It  was  also  recoiranended  that  further  work 

(2  ) 

be  done  on  the  provisi:,nal  standards. 

Photography  of  Spectrum 

The  photography  of  the  spectrum  offers  many  difficulties.  As  we 
penetrate  deeper  into  the  ultra-violet  region,  it  is  necessary  to  re- 
place the  usual  glass  lenses  by  those  made  of  quartz.  In  addition, 
since  the  gelatin  of  the  emulsion  tends  to  absorb  short  wave  lengths, 
it  is  necessary  to  use  a special  thin  coating  of  gelatin.  In  some 

cases  the  plates  are  stained  with  various  dyes  to  obtain  better  defi- 
(3) 

nation. 

As  is  well  known,  the  ordinary  comraercial  photographic  plate  is 
satisfactory  only  for  light  within  the  limits  of  = 2400  to  ^ = 

5000  A.  Vogel,  however,  found  that  by  using  certain  dyes,  the 
(1.)  Report  of  International  Astron.  Union  1922. 

(2  ) Transactions  of  the  Internat’l  Astron.  Union.  Vol.III  1929 
(3  ) Spectroscopy  E.C.C.Paly  Chap.  V,  Vol.  II  3rd  Ed.  1927 
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sensitiveness  of  the  plate  was  extended.  By  experimentation,  it  was 
found  that  the  plates-  became  sensitive  to  the  ll./^t  rays  which  were 
absorbed  by  the  particular  dye  used.  Many  dyes  are  used,  each  having 
a particular  range  of  sensitivity.  It  has  been  f ou  i i possible  to 
extend  the  useful  range  of  plates  from  2400  to  )"  = 10,00'^» 

With  a special  emulsion  , ibney  prepared  plates  sensitive  to  rays 
of  = 20,000.  The  time  of  exposure,  however,  increases 

materially  with  the  longer  wave-lengths.  For  general  work,  probably 
the  best  sensitisation  of  plates  can  be  made  by  incorporating  with 
the  gelatin-silver  emulsion  a dye  such  as  pinacyanol  (a  quinaldine 
derivative).  Inasmuch  as  pinacyanol  is  not  very  sensitive  to  the 
green,  it  is  improved  by  adding  another  dye  such  as  ” orthochrome -T" . 

A plate,  sensitized  in  this  manner,  is  known  as  panchromatic  and  Is 
quite  sensitive  to  allthe  visible  spectrum. 

It  will  be  noticed  that  these  dyes  extend  the  sensitiveness  of 
the  plate  in  the  infra-red  and  are  thus  of  great  value  not  only  to 
the  physicist  but  also  to  the  astronomer.  Some  commercial  use  is 
also  possible,  but,  unfortunately,  many  of  the  dyes  are  unstable  and 
the  plates  must  be  used  very  soon  after  preparation.  This  limits 
their  usefulness* 

It  is  also  possible  to  sensitise  ordinary  photographic  plates 
by  bathing  the  plate  in  the  proper  dye  solution.  The  method  requires 
considerable  care  and  skill;  but  does  not  in  general  yield  as  satis- 
factory results  as  the  plates  which  hve  the  dye  incorporated  in  the 
gelatin  emulsion. 

Extension  into  trje  ultra-violet  region  is  more  difficult  as 
both  the  glass  in  lenses  and  prisms  of  the  instruments  and  the  gel- 
atin emulsion  tend  to  absorb  the  light  of  short  wave -lengths »To  over- 
come these  difficulties,  use  is  made  of  quartz  or  fluorite  for  lenses. 


16 


By  special  treatment,  we  can  obtain  a film  of  silver  bromide  with 

only  a slight  quantity  of  gelatin  present.  This  gives  reasonable 

results  to  as  as  A = 185^.  No  gelatin  emulsion,  however, 

can  be  used  in  the  extreme  ultra-violet.  By  use  of  a pararfin  oil 

treatment,  which  causes  fluoresence,  Lyman  has  used  the  vacuum  specto- 

graph  successfully  down  to  ^\  = 58O  A.  This  method  promises  to  be  a 

valuable  aid  to  the  biological  microscopi st. 

Recent  Developments  in  ’Tave-length  !-easi-3rement s 

‘1 ) 

The  development  of  the  Pfund  arc  and  its  acceptance  as  the 

(2) 

standard  method  o^  producing  the  iron  standards  makes  it  possible 

to'compare  the  results  of  the  different  observers.  Recent  ?/ork  has 

(3) 

confirmed  the  use  of  the  Pfund  arc  in  air, 

vfhile  considerable  work  has  already  been  done,  the  number  of 
lines  in  the  secondary  spectrum  of  hydrogen  is  sc  great  that  there  is 
still  much  work  to  l^e  done.  The  intensities  of  these  lines,  also,  are 
so  varied  that  it  is  to^e  expected  that  many  of  them  will  show  consider- 
able variation  in  the  values  obtained  different  observers.  From  the 
great  number  of  lines,  hnwever,  it  has  beer,  possible  to  choose  a suf- 
ficient nuii'.ber  of  fine  lines,  suitably  spaced  in  the  spectrum,  which 
will  give  agreement  in  values  sufficiently  close  so  that  these  values 
may  be  adopted  as  secondary  standards. 

Among  the  recent  papers  on  secondary  standards  should  be  mentinned 

that  of  St.  John  and  Babcock  (1921)^  ^ and  bv  Meggers  (1924).^^^  More 

(6) 

recently  Babcock  has  measured  same  of  the  iron  and  neon  lines  for 
secondary  standards.  The  results  obtained  are  somewhat  lower  than 
the  values  adopted  by  the  International  Astronomical  Union. 

(1)  Pfur;d  .A.H.  Astrophys . Journal  27,  297  - 1908 

(2)  Report  of  the  International  Astron.  Union  1922 

(3)  Babcock  H.D.  Phys.  Rev,  31,  918-1928 

(4)  St.  John  C.E.  and  Babcock  H.D.  As  trophy  s . Jour . 53,260  -1921 

(5)  Meggers  ''.F.  Astrophys.  Jour.  60,  30-1924 

(6)  Babcock  H.D.  Astrophys.  Jour.  66,256  -1927 
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The  work  leading  up  bo  our  present  investigation  is  of  even  more 

( 1 ) (2  ) 

recent  date,  ramelv,  that  of  Deochar,'  of  Gale,  lionk  and  Lee,  and 

■ 

oT  Finkelnburg • Gale,  Monk  an.d  Ijce  used  a 21  ft.  Rowland  concave 

grating  with  a dispersion  of  2.63  A/mm.  The  work  was  carefully  done. 
Finkelnburg ' s work  is  the  latest  in  publ:'caticn  and  cavers  very  com-' 
pletely  the  lines  from  \=  3314  to  X=  4861.  It  seems  probable  that 
Finkelnburg ’ s results  are  more  reliable  than  those  of  Gale,  Monk  and  Lee. 
It  s c uld  be  stated  that  in  comparing  results,  it  is  necessary  to  bear 
in  mind  the  fact  that  Finkelnburg  made  use  of  the  old  values  of  standard 
lines,  while  the  results  obtained  here  are  based  on  the  latest  revision 
of  the  standards.  In  addition  to  this,  the  synchronous  exposure  of 
the  hydrogen  spectrum  and  the  iron  spectrum  e-mabled  us  to  obtain  an 
exact  correlation  of  the  two  spec tra, independent  of  any  shift  of  the 
plate,  while  in  the  spectograph  duririg  long  exposures  of  many  hours 
durat  i on. 

Apparatus  for  Measuring  Tave -lengths 

In  this  present  research,  since  the  measurements  were  confined  to 
the  range  lying  between  X=  3500  toA=  5000,  it  was  found  inadvisable 
to  use  the  dyed  plates  as  the  ordinary  commercial  photographic  plates 
give  very  good  definition  fromX=  3500  to  X = 50"0. 

The  apparatus  used  was  that  devised  by  Rowland*^^  This  consists 
of  two  beams  AB  and  BC  mounted  on  a frame  so  that  the  beams  intersect 
at  right  angles  at  B.  A carriage  DE  is  miounted  so  that  the  ends  D and 
E are  free  to  move  along  the  beams  AB  and  BC  (See  Figure  1,  Page  18). 
However  the  carriage  DE  may  move,  the  point  B is  on  the  circumference 
of  a c5j?cle  having  DE  as  a diameter.  Tbie  slit  (in  vertical  position) 

(1)  Deodhar  D.B.  Proc . Roy.  3oc.(A)  113,420-1926 

(2)  Gale,  H.G.,  Monk,  G.S.  and  L^e,  K.O,  Astrophys  Jour.  67,11  89-1928 

(3)  Finkelnburg, W.  Zeitschrlft  Fur  Physik  52,27  - 1928 

(4)  Light  Edwin  Fdser  1907  Ed.  P.  461 


18 


is  placed  at  B;  and  a concave  grating  of  speculur'i  metal,  with  the 
lines  \-ertical,  is  momted  at  D on  the  carriage  DE.  The  radius  of 
curvature  was  about  21  ft.  A special  form  of  mounting  vas  used  so 
that  the  cainera  was  in  a vertical  instead  of  the  usual  horizontal 
position.  The  advantage  of  this  method  is  that  it  prevents  con- 
vection currents,  which  would  cause  distortion  of  the  image,  and 
increases  the  accuracy  o^"  the  resulting  photographs.  In  addition, 
the  Pfund  arc  was  arranged  so  that  only  the  central  crtlon  was 
used;  and  the  whole  apparatus  was  so  arranged  as  to  permit  the 
synch^^onous  exposure  of  the  hydrogen  and  the  iron  spectra,  (See  Fig- 
ure 2)  ^ 


Figure  2 Lens  System 
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The  hydrc^feii  employed  »?as  prepared  elec  trolytically  hy  means  of 
the  HofPman  app-aratus  and  dried  over  phosphorous  pentoxlde. 

In  the  case  of  the  plate  (75^14  ), measured  by  the  writer, the  time 
of*  exposure,  fcr  the  hydrogen  tube  alone,  was  12  l/2  hours,  ’^ith  the 
iron  arc,  alone,  the  exposure  was  30  minutes  in  duration.  Tith  both 
tube  and  arc  together  the  exposure  was  7 hour  So 

The  instrument  used  for  measuring  the  photcgrapojc  plates  is  best 
shown  by  tlB  attached  diagram.  (Figure  3)  Adjustments  are  provided 
for  leveling  the  plate,  adjustments  fjor  parallax,  vernier  and  temperature 
control.  (Figure  4)  This  last  featui>e  was  particularly  guarded  to 
prevent  expans  icn  of  the  plate.  The  second  control  causes  a complete 
break  in  the  heating  circuit,  if  for  any  reason  the  temperature  rises, 
and  the  first  control  fails  to  work.  This  prevents  the  heating 

system  from  ’’running  away”. 

Besides  the  diLagrams  there  are  appended  photographs  to  m.ore 
clearly  illustrate  the  machine  used  for  measuring  the  plates- 


Di sc  us  Sion  o f Errors 


It  was  originally  claimed  that  Rowland’s  Concave  Grating  was 

superior  because  it  yielded  a normal  spectrum.  We  find,  howe’^^er,  that 

the  spectra  obtained  by  this  apparatus  are  not  suff'iciently  normal  tor 

thp  decree  of  accuracy  now  obtainable.  The  disersion  is  D “ 

^ b cos  0 


where  D = dispersion,  n order  of  the  spectrum,  b = grating  aperture 
and  0 = the  angle.  In  the  present  instance  the  radius  of  curvature 


equals  21  ft.,  the  length  of  the  plate  41  cm» , hence,  at  about  the 

20  5 

ends  of  the  plate  sin  0-  = ~ radians.  Since  a radian 

Q 21xo0o5  o . 

is  very  nearly  57.3  we  obtain  57.3  x .032  = 1 50  (approximately), 

o r 

The  cos  of  1 50  - 0,9995.  Therefore  D,  the  dispersion,  is  greater 

at  the  ends  by  about  5 parts  in  10,000,  The  rt?  c' ore,  for  a distance  equal 
to  half  the  length  of  the  plate  tills  would  give  an  error  of  + .0013  A 


in  the  second  order  or  twice  as  great  (between  .002  and  .003  a)  in  the 
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first  order.  *^0  avoid  tViis  we  make  use  of  staiidards  situated  short 
distances  apart  along  the  plate.  In  this  way  we  c an  consider  the 
spec-ruiTi  normal  between  these  standards  wituout  introducing  any 
apf^rec table  error. 

Degree  of  Accuracy  Desired 

’Tith  tie  apparatus  employed  it  seons  reasonable  to  exiact  an 
agreement  within  .002  or  ,003  Angstroms.  In  the  short  list  given  by 
the  writer  it  will  be  noted  that  the  average  net  variation  falls  well 
within  this  limit. 

>iumerical  Results 


Measurements  made  on  Plate  14 . 

TABLE  I 


> 

NAK 

K 

=?-K 

ITC 

^ G 
= F-C 

GlIL 

A G 
=P-G 

W 

Aver 

K&C 

AKC 

=F-(K'5:  0 ) 

4171 

308 

+.001 

307 

+.002 

308 

+.0'"! 

309 

308 

+.001 

75 

161 

2 

153 

0 

165 

2 

163 

162 

1 

77 

112 

1 

110 

3 

(125) 

- 12 

113 

111 

2 

80 

no 

5 

107 

2 . 

111 

6 

105 

109 

4 

82 

167 

1 

167 

1 

170 

4 

166 

167 

1 

95 

671 

3 

666 

+ 2 

674 

6 

668 

668 

0 

4205 

097 

5 

098 

4 

098 

+•  4 

102 

097 

+ 5 

12 

495 

12 

499 

8 

498 

9 

(507) 

497 

- 

net 

variation 

+ 12 

+ 16 

- 16 

+ 004 

average 

net 

var . 

+ 1 

2 

' 2 

4- 0006’ 

In  the  above  table  X stands  for  the  integral  part  of  the  wave- 
lengths, with  the  fractional  portions  under  the  headings  of*  the 
different  observers.  The  colui'm  headed  NAK  refers  to  the  vixlues 
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obtaln«5d  by  Di’ • N.  Kent;  in  a similar  way  ITC 
refers  to  the  values  Obtained  by  the  writer;  GIvIL, 
those  of  Gale,  Monk  and  Lee;  \TF , those  of  Finkelnburg 
and  K and  C,  to  the  mean  of  Dr.  Kent’s  results  and 
those  obtained  by  the  writer.  The  results  of 
Finkelnburg  are  taken  as  the  standards  and  the  others 
are  compared  with  them,  i.e.:  AK  equals  Finkelnburg ' s , 
results  minus  those  of  Dr.  Kent;/\C  is  obtained  bj’’ 
subtracting  the  lYriter’s  results  from  Finkelnburg  ’ s ; 
in  the  same  wayAG  for  Gale,  Monk  and.  Lee , andAKC 
for  the  mean  of  our  work  given  above.,  The  figures 
in  brackets  are  considered  unreliable.  The 
average  net  variation  {fra.i  .0''1  to  .002A)  is  ex- 
ceedingly good  and  if  the  undoubtedly  erroneous 
figure  of  4212.507  obtained  by  Finkelnburg  is  dis- 
carded, the  average  net  variation  of  Dr.  Kent’s  val- 
ues compared  with  those  of  Finkelnl^urg  becomes  0, 
while  that  of  the  writer  bee omes+. 0011 « 

In  our  laboratory  we  have  found  the  agreement 

between  the  measurements  made  by  the  v"*riou3  indi- 

\ 

viduals  to  be  very  close.  For  the  best  work  it 

is  urtcessary  to  have  one  pei*'^on  read  the  vernier 
while  the  oth  s'r  makes  the  setting. 


The  folloin'ng  tabTilatii  on  contains 
which  the  writer  assisted  Dr.  Kent 
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a Dart  o^  tb*  results  of  the  rDrlf 
in  adjusting  the  position  of  the 


various  plates  upon  the  comparator,  reading  tl.^e  vernier,  calculating 
the  wave-lengths  and  so  forth.  Comparison  is  also  rrade  with  the  wave- 

lengths determined  by  Gale,  Monk  and  Lee  and  by  ^inkelnburg. 


T aBLR  1 1 


Plate 

5C 

Plate 

14 

Plate 

12 

Plate 

4A 

Mean^ 

pinkeln- 

burg 

K-F 

Gale  jlv'cnk 

& Lee 

K-G 

3664 

138 

145 

140 

2 

(115) 

h025 

132 

-to  08 

65 

908 

911 

909 

1 

(887) 

22 

907 

2 

74 

402 

402 

402 

0 

(378) 

24 

398 

4 

81 

975 

986 

978 

3 

(951) 

27 

963 

9 

84 

322 

314 

318 

4 

(305) 

13 

313 

5 

3796 

599 

599 

599 

0 

(585) 

14 

595 

4 

3944 

284 

291 

289 

2 

277 

12 

272 

17 

62 

344 

341 

343 

1 

34  0 

3 

(328) 

15 

75 

683 

678 

580 

2 

689 

<^09 

(666) 

14 

82 

569 

576 

574 

2 

562 

+::'12 

(537) 

37 

90 

040 

042 

:^47 

043 

1 

036 

7 

031 

12 

91 

843 

842 

856 

846 

4 

832 

14 

833 

13 

97 

160 

166 

154 

2 

145 

19 

143 

21 

4002 

507 

502 

496 

27 

391 

404 

398 

6 

377 

21 

377 

21 

28 

342 

345 

358 

349 

4 

328 

21 

333 

16 

566 

585 

579 

6 

563 

16 

567 

12 

62 

473 

458 

468 

5 

462 

6 

457 

11 

65 

620 

629 

624 

5 

619 

5 

617 

7 

66 

145 

145 

14  5 

0 

137 

8 

133 

12 

59 

629 

651 

635 

7 

633 

3 

631 

5 

903 

904 

903 

0 

89? 

10 

884 
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X 

Plate 

5C 

Plate 

14 

Plate 

12 

Plate 

4A 

Mean  ^ 

A 

Pinkeln- 

burg 

K-P 

Gale ,Monk 
& Lee 

K-G 

72 

964 

971 

970 

1 

958 

t 12 

961 

+ 11 

74 

104 

096 

113 

101 

5 

096 

5 

100 

1 

78 

847 

834 

840 

7 

852 

-012 

843 

-003 

87 

754 

740 

762 

74  7 

7 

745 

+ 002 

755 

-008 

4161 

736 

736 

736 

0 

745 

-009 

718 

+ 18 

945 

950 

947 

3 

949 

- 2 

941 

6 

63 

607 

604 

606 

2 

608 

- 2 

605 

1 

71 

308 

3 09 

309 

1 

309 

0 

508 

1 

75 

161 

165 

163 

2 

163 

0 

155 

-002 

77 

112 

116 

115 

1 

113 

0 

125 

- 12 

79 

597 

593 

595 

2 

591 

+•004 

598 

- 5 

80 

108 

110 

109 

110 

0 

105 

5 

111 

- 1 

82 

167 

173 

170 

3 

166 

4 

170 

0 

95 

671 

674 

673 

1 

668 

5 

674 

- 1 

99 

788 

795 

793 

2 

787 

6 

793 

0 

4205 

097 

107 

100 

3 

102 

- 2 

098 

+ 2 

09 

177 

180 

178 

2 

175 

+ 3 

169 

9 

12 

498 

495 

509 

498 

3 

507 

- 9 

498 

0 

43 

343 

355 

346 

3 

348 

- 2 

326 

h 20 

4303 

432 

435 

434 

1 

437 

- 3 

423 

11 

932 

92  0 

928 

4 

944 

- 16 

967 

- 39 

27 

933 

928 

931 

2 

939 

- 8 

927 

+ 4 

32 

621 

628 

624 

3 

628 

- 4 

519 

5 

35 

528 

529 

528 

1 

532 

- 4 

519 

9 

4412 

258 

255 

258 

257 

1 

252 

+ 005 

253 

+-O04 

18 

374 

672 

673 

1 

665 

8 

673 

0 

19 

494 

493 

494 

1 

490 

4 

494 

0 

20 

302 

299 

301 

. . 

305 

- 5 

504 

- 3 

Plate 

5C 

Plate 

14 

Plate 

12 

Plate 

4A 

tiean_ 

w 

A 

Pinkeln- 

burg 

K-F 

Gale  jivlonk 

Lee 

K-G 

44 

• 224 

223 

224 

0 

230 

-006 

213 

#<311 

49 

921 

916 

918 

2 

919 

1 

913 

5 

53 

161 

171 

168 

3 

160 

1- 

8 

141 

27 

60 

963 

967 

965 

2 

971 

6 

965 

0 

67 

143 

142 

155 

145 

3 

141 

t- 

4 

145 

0 

86 

086 

083 

085 

1 

094 

- 

5 

084 

+ 1 

87 

815 

817 

817 

817 

0 

824 

- 

7 

813 

4 

93 

696 

699 

698 

2 

693 

•t 

5 

683 

10 

98 

106 

103 

107 

1 

108 

- 

1 

108 

- 1 

520 

526 

524 

2 

523 

t 

1 

523 

1 1 

As  in  Table  I,  the  integral  parts  of  the  wave-lengths  are  placed 
in  the  column  headed  "A”,  The  decimal  portions  are  placed  under  their 
proper  headings . Plate  5G,  14,  12  , and  4A  refer  to  photographs  taken 
in  this  laboratory* 

Mean^  refers  to  the  "weighted  mean"  of  our  plates  valued  as 
foil ows ; 

Intensity  of  line  'Teight  accorded 

2 or  higher  1 

00,  0,  or  1 2 

0000  or  000  1 

In  addition,  lines  in  the  first  order  of  spectra  were  given  a weight 

of  1,  while  those  of  tne  second  order  were  given  a double  value. 

The  column  headed  A gives  the  variation  ofthe  best  line  from  this 
weighted  mean . 

The  colum.ns,  headed  Finkelnburg  and  Gale,  Monk  and  Lee,  give 
the  values  obtained  by  these  observers.  Tno  column  headed  "k-P”  gives 
the  deviation  obtained  by  subtracting  from  our  values  the  values 
obtained  by  Finkelnburg.  In  a like  manner,  we  obtain  "K-G”  using 
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the  values  of  Qiale,  Monk  and  Lee*  The  figures  In  brackets  are  to 
be  considered  unreliable. 

In  Table  IT,  if  we  include  all  the  figures,  re  find  that  our  net 
values  are  .004  higher  than  those  of  Pinkelnburg  and  .006  higher  than 
those  of  Gale,  Monk  and  Lee.  If  we  discard  the  bracketed  figures, 
we  find  our  average  net  variation  from  Pinkelnburg  is  + .002;  and 
from  Gale,  Monk  and  Lee  -b.005.  The  agreement  with  Pinkelnburg  ’ s values 
is  reasonably  good.  The  results  of  Gale,  Monk  and  Lee  seem  to  be 
a little  low.  As  previously  stated,  there  is  still  much  work  to 
be  done  but  the  meterial  included  in  this  thesis  gives  a fair  idea 
of  the  present  status  of  our  problem. 

The  attached  bibliography  gives  the  texts  consiilted  for  the 
historical  data  and  most  of  .the  recent  public  atio  ;is  on  investigations 
along  the  lines  of  this  paper.  The  papers  quoted  have  been  read 

in  full,  by  the  writer. 
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